Abstract. Since the announcement of the triple planet system orbiting Upsilon Andromedae by Butler et al. in 1999 [1] the best-fit orbital parameters of the system have varied significantly with additional observations over the years. We have performed long-term numerical integrations and a new stability analysis using the most recent best-fit orbital parameters. All of our integrations run for a minimum of 10 8 years, unless a close encounter between two planets or the collision of one planet with the central star occurs first. We vary systematically the value of the unknown inclination angle with respect to the plane of the sky as well as the relative inclinations. Based on these numerical results we are able to provide improved constraints on angles of inclination and the masses of the planets. We also find evidence against the claim that the middle and outer planets exhibit a secular resonance.
MOTIVATION
The planetary system around Ups And was the first of only two known triple planet systems to be discovered (the other is 55 Cnc). It is one of only thirteen known multiple planet systems, to date. Few thorough studies with long-term numerical integrations for two or three giant planets have been done ( [2] , [3] , [4] ). Previous studies concerning the stability of the Ups And system have addressed only the short-term stability, and they were carried out several years ago with values of the orbital parameters that differ noticeably from the most up-to-date best-fit values (e.g., Stepinski et al. 2000 [5] , Chiang et al. 2001 [8] ). By studying the long-term stability of the system we can in principle better constrain the masses and orbital parameters of the planets as well as assess the role played by possible secular resonances ( [8] ). here we kept ∆Ω = 0 so the equation for relative inclination reduces to the difference between the angles of inclination of two orbits. Unless otherwise noted, the inner planet is taken to be at i + i r relative to the middle planet, and the outer planet is taken to be i − i r relative to the middle planet. The total mass is m tot (i tot ) = m obs / sin i, where
The code used to do our integrations is the multivariable symplectic (MVS) integrator from Mercury [6] . The symplectic integrator is particularly helpful for our integrations since it is fast for relatively large time steps while maintaining good energy conservation (to ∼ 10 −8 ) for essentially regular orbits. Our integrations were stopped at the time these orbits first became irregular (i.e., at the onset of instability), before the fixed time step of the MVS integrator would cause energy errors to grow unacceptably large. For all integrations presented here, time steps were kept constant at 0.5 d, or about 10% of the period of the inner planet.
We integrated all three planets in the Ups And system either until a close encounter had occurred, defined as the approach of two bodies in the system to within 3 times the Hill radius, or until a maximum time of 10 8 yr had been reached (for most cases, but see below). Even though the integration time is roughly an order of magnitude smaller than the estimated age of the central star ( 1−3×10 9 yr [7] ), this was the longest reasonable integration time considering the available computational resources.
Two integrations that seemed to border on stability limits for the given system were extended to beyond the standard integration time of 10 8 yr used for all other integrations. By this we attempted to approach the age of the central star, since we know the planetary system must be near the same age, and we tried to elucidate the drastic jump between times to first close encounter produced by two inclinations about one degree apart (see below).
RESULTS
Integrations for small relative inclination angles are shown in Fig. 1 . When i r = ±1 • the system becomes unstable at an overall inclination of i = 31 • after about 10 4 yr, while the integration with i = 32 • was extended to more than 9.7 × 10 8 yr without producing a close encounter. The same was true for the system with i r = ±3. planet had an overall inclination / > 35°,40°, and 45°, respectively. For systems with relative inclinations i r = ±3.5° between each pair of planets, Fig. Ib shows that configurations where the inner planet has a negative relative inclination and the outer planet has the positive relative inclination retained stability when the middle planet had an overall inclination i>3Q°, whereas with the inclinations of the inner and outer planets reversed, stability was retained only when the overall inclination of the middle planet is / > 34°.
Integrations where either the inner or middle planet was given a relative inclination i r = +30° and the remaining two planets had equal overall inclinations / > 35° produced stable systems (Fig. 2a) . However, the systems where the outer planet had a relative inclination i r = +30° with respect to the inner two planets were stable when the overall inclination was only i> 15°.
In the past, others to study this system (e.g. Lissauer and Rivera [2] , Stepinski et al. [5] , and Chiang et al. [8] ) have found secular resonances between the middle and outer planets, where |Ao)| = \co d -co c \ <C 1 for all time. Secular resonance in these cases has been used to explain the unusual proximity of O) c to a> d , and also to distinguish likely orbital configurations. In particular, approximating the orbit of the inner planet as circular, Chiang et al. [8] • with respect to the overall inclination. The squares correspond to systems where the inner planet was inclined relative to the outer two planets, the circles correspond to systems where the middle planet was inclined, and the triangles correspond to systems where the outer planet was inclined.
that the inner and outer planets are in the same plane), limit variations in eccentricity, thus conserving the stability of the system. Using the same initial conditions cited by Chiang et al. we were able to reproduce their results and find secular resonance in the same orbital configurations. However, in our integrations with up-to-date orbital parameters, no secular resonances were detected, suggesting that the proximity of the observed longitudes of pericenter is coincidental and that there is therefore no apparent correlation between secular resonance and long-term stability for any inclinations considered here.
